We describe a 30-year-old man with ectopic adrenocorticotropic hormone (ACTH) syndrome. Before the operation, there was no diurnal variation of ACTH, and ACTH did not respond to CRH or dexamethasone suppression tests. These abnormalities disappeared after the removal of a neuroendocrine tumor in the lung. In addition, plasma ACTH was measureable at as early as postoperative day 3 with ACTH levels increasing thereafter. Furthermore, an insulin tolerance test and inferior petrosal sinus sampling indicated that ACTH was secreted from the pituitary. This case indicates that the hypothalamic-pituitary function can recover within a couple of weeks after curative surgery for ectopic ACTH syndrome.
Introduction
Ectopic adrenocorticotropic hormone (ACTH) syndrome has been a challenging disease for clinicians (1, 2) . First, it is sometimes difficult to biochemically differentiate ectopic ACTH syndrome from Cushing's disease (3) . Second, it may not be easy to find the responsible tumors for ectopic ACTH syndrome (4) . Third, the causative tumors cannot be completely removed in some patients and other therapies need to be considered to control Cushing's syndrome (5) . Fourth, the curative surgery for ectopic ACTH syndrome causes secondary adrenal insufficiency due to the suppression of the hypothalamic-pituitary axis by preoperative high cortisol (6) . Finally, when ACTH and cortisol levels increase after surgery, it is necessary to differentiate the recovery of hypothalamic-pituitary function from recurrence or residual tumors secreting ACTH.
It is generally believed that it takes from months to more than a year for full recovery of the hypothalamic-pituitaryadrenal axis after curative surgery for Cushing's syndrome (7) . During this period, glucocorticoid replacement therapy is maintained (8) . Early postoperative recovery of ACTH and cortisol secretion therefore suggests the presence of residual tumors for ACTH-dependent Cushing's syndrome (9-13). Avgerinos et al. reported that a normal CRH test response was observed in 3 patients at 1-2 weeks after the surgery who later developed recurrent Cushing's disease (6) . However, the same authors also reported that the response to CRH was normal in 3 other cured patients at 1-2 weeks after surgery for Cushing's disease (6). Therefore, it is possible that the degree of the suppression of the hypothalamic-pituitary function by glucocorticoid excess is quite variable among patients with Cushing's disease. However, there are only limited data on the time course of the recovery of hypothalamic-pituitary-adrenal axis in patients with ectopic ACTH syndrome.
We herein report the case of a patient with ectopic ACTH syndrome caused by bronchial neuroendocrine tumor whose ACTH and cortisol levels recovered within 10 days after curative surgery. Careful endocrine examinations indicated that the patient's ACTH was secreted from the pituitary and Figure 1 . Clinical course after the first surgery of the patient at another hospital. Plasma ACTH was increased at as early as postoperative day 7 and 2 months after the replacement of hydrocortisone was terminated. The patient showed no sign of recurrence of ectopic ACTH syndrome for 9 years after surgery. Table 1 . Endocrinological Examinations before the Operation.
that there was no evidence of the residual tumor. This case indicates that hypothalamic-pituitary function can recover within a couple of weeks after curative surgery for ectopic ACTH syndrome. This information may be important for preventing unnecessary and excess glucocorticoid administration after surgery for ectopic ACTH syndrome.
Case Report
A 30-year-old man was admitted to our hospital complaining of skin pigmentation and general malaise. He had had a history of ectopic ACTH syndrome caused by a right bronchial neuroendocrine tumor 9 years before this admission. At that time, he complained of general malaise and noticed pigmentation in his hands and abdomen. His serum cortisol level was more than 80 μg/dL (2,200 nmol/L) and plasma ACTH was 827 pg/mL (181.9 pmol/L). A subsequent evaluation at another hospital revealed a bronchial tumor and he was diagnosed with ectopic ACTH syndrome. He then underwent partial lobectomy of his right lung and a neuroendocrine tumor was pathologically diagnosed. Immunohistochemical staining for ACTH was positive. After the operation, his symptoms clearly improved and serum cortisol and plasma ACTH levels normalized. The postoperative course of the patient at another hospital is shown in Fig. 1 . Plasma ACTH was 44 pg/mL (9.7 pmol/L) at as early as postoperative day 7. Two months later, hydrocortisone replacement was terminated. Thereafter, he showed no sign of recurrence of ectopic ACTH syndrome and the follow-up in that hospital was terminated 4 years prior to this presentation.
The patient again began to recognize pigmentation in the creases of the proximal interphalangeal joints 1 year ago. A medical checkup performed two months prior to admission indicated hypertension and hyperglycemia. His blood pressure was 169/96 mmHg and fasting plasma glucose was 177 mg/dL (9.82 mmol/L). Finally, one month prior to admission, he began to feel general malaise and thereafter visited our hospital for the first time. Cushing's syndrome was suspected because of hypertension (194/110 mmHg), hyperglycemia [161 mg/dL (8.94 mmol/L)], neutrophilia, eosinopenia, lymphopenia (white blood cells 8,200/μL, neutrophil 92.1%, eosinophil 0.0%, lymphocyte 3.1%) and hypokalemia (2.7 mEq/L). His serum cortisol was 74.5 μg/dL (2,056 nmol/L) and plasma ACTH was 268.9 pg/mL (59.2 pmol/L). Serum cortisol and plasma ACTH were measured by an electrochemiluminescence immunoassay (ECLusys, Roche Diagnostics Japan, Tokyo, Japan). The cross reactivity with big ACTHs such as proopiomelanocortin (POMC) and pro-ACTH in this assay was approximately 1.5%, indicating that the high ACTH in this patient was biologically active. From his past history, the recurrence of ectopic ACTH syndrome was considered and he was admitted to our hospital.
His height was 181.0 cm and body weight was 74.3 kg. He had a moon face, facial acne and bilateral leg edema. Increased pigmentation was observed on his face, the creases of proximal interphalangeal joints, elbows, chest and abdomen. He also showed proximal muscle weakness. The results of endocrinological examinations are shown in Table 1 . Plasma ACTH and serum cortisol were clearly elevated with no diurnal variation. High cortisol levels were not suppressed by either 0.5 mg or 8 mg dexamethasone suppression tests. The plasma ACTH and serum cortisol levels did not differ on CRH test. The urinary free cortisol level, which reached 15,650 μg/24 h (43,194 nmol/day), was remarkably high. In addition, plasma aldosterone concentrations and DHEA-S levels were 14.5 ng/dL (0.4 nmol/L) and 315 μg/dL (8.5 μmol/L). All of these data indicated that he was suffering from ACTH-dependent Cushing's syndrome and that ectopic ACTH syndrome was the most likely diagnosis.
Contrast enhanced computed tomography (CT) revealed lymphadenopathy along the bronchus in the right inferior lobe, and a recurrence of the neuroendocrine tumor was suspected. CT also revealed a remarkable swelling of both adrenal glands. Positron emission tomography (PET)/CT indicated the uptake of fluorodeoxyglucose in that lymph node, with a maximum standardized uptake value (SUV) of 2.2. Pituitary magnetic resonance imaging (MRI) showed no sign From these results, he was diagnosed with ectopic ACTH syndrome caused by lymph node metastasis of a neuroendocrine tumor.
Prior to the operation, it was necessary to control of his cortisol levels. First, we attempted to control his cortisol levels by decreasing ACTH levels. Thus, 300 μg/day of octoreotide was administered by injection. Subsequently, his ACTH and cortisol levels decreased to 203.2 pg/mL (44.7 pmol/L) and 43.3 μg/dL (1,195 nmol/L) respectively. We thought these values were too high for the operation and 1 g/day of metyrapone was added. After controlling his ACTH and cortisol levels to about 92.7 pg/mL (20.4 pmol/L) and 25 μg/dL (690 nmol/L), respectively, with the combination of octreotide injections and metyrapone, he underwent resection of the inferior and middle lobes of his right lung with lymph node dissection. Immunohistochemical staining indicated that the tumor cells were positive for ACTH, synaptophysin, chromogranin and CD56. Ten percent of cells were Ki-67-positive and a grade 2 neuroendocrine tumor was pathologically diagnosed (14) .
The postoperative clinical course of the patient is shown in Fig. 2 . Hydrocortisone was administered during the perioperative period and gradually tapered. Unexpectedly, plasma ACTH was measurable at 1.88 pg/mL (0.41 pmol/L) from as early as postoperative day 3. In addition, ACTH increased thereafter while hydrocortisone was administered. In contrast, the morning serum cortisol level was 8.6 μg/dL (237.4 nmol/L) at postoperative day 10, when he received 40 mg hydrocortisone (20 mg after breakfast, 10 mg after lunch and 10 mg after dinner). Because the half-life of the administered hydrocortisone is about 2 hours, the level of serum hydrocortisone after 12 hours would be less than 5 μg/dL (138 nmol/L), even if the drug is postulated to distribute only to the intravascular fluid. Therefore, his morning serum cortisol level of 8.6 μg/dL (237.4 nmol/L) was considered, at least in part, to reflect endogenous cortisol secretion. Hydrocortisone replacement was therefore rather rapidly tapered thereafter until it was terminated at postoperative day 17. The rapid recovery of ACTH and cortisol levels suggested that the remaining tumoral tissues were producing ACTH. However, all of the suspected lesions were operatively resected and the preoperative studies did not reveal any tumorous tissues other than the resected lymph node. We therefore tried to determine the source of ACTH by endocrinological examinations. Diurnal variation of ACTH and cortisol was evaluated at postoperative day 19 without hydrocortisone replacement. In contrast to the preoperative values, clear diurnal variation of both ACTH and cortisol was observed (Table 2 ). In addition, 1 mg dexamethasone suppressed ACTH and cortisol levels, and both ACTH and cortisol responded to CRH (Table 2) . Furthermore, we conducted an insulin tolerance test (ITT). As shown in Table 2 , hypoglycemia efficiently enhanced ACTH levels, which was followed by an increase of cortisol, indicating that the secretion of ACTH was controlled by the hypothalamus (15) . All of these results suggested that ACTH was secreted from the pituitary. To confirm that the pituitary was the source of ACTH in this patient, inferior petrosal sinus sampling (IPSS) and a CRH test were conducted after written informed consent was obtained. The patient also expressed that it was his will to determine the source of ACTH. However, there was no clear difference in the PRL levels between right IPS and peripheral blood suggesting unsuccessful IPS catheterization (16) . Nevertheless, as shown in Table 3 , the ACTH/prolactin (PRL) ratio was higher in the right IPS than in peripheral blood (left median cubital vein) at 10 minutes after CRH administration (16) (17) (18) . These results indicated that the pituitary was secreting ACTH and that it was responsive to CRH. We also performed an RT-PCR analysis of the resected tumor because we considered the possibility of an ectopic CRH producing tumor. While the expression of POMC was confirmed, the expression of CRH was not detected in the lymph node metastasis of the neuroendocrine tumor. At the time of discharge from our hospital, the patient's blood pressure was 122/64 mmHg, fasting plasma glucose was 74 mg/dL (4.1 mmol/L) and serum potassium was 3.9 mEq/L. In addition, plasma aldosterone concentrations were 14.1 ng/ dL (0.4 nmol/L) and DHEA-S levels were 90 μg/dL (2.4 μmol/L). At 6 months after surgery, he showed no sign of Cushing's syndrome or recurrence of the tumor.
Discussion
We herein describe a patient with ectopic ACTH syndrome caused by a metastatic neuroendocrine tumor in whom ACTH secretion from the pituitary recovered within 10 days after the successful surgical removal of the responsible tumor. After achieving a surgical cure of Cushing's syndrome, it is believed that suppression of the hypothalamic-pituitary-adrenal axis causes secondary adrenal insufficiency that lasts for about 1 year (6). Doherty et al. reported that a median time of 19 months was necessary for the discontinuation of glucocorticoid replacement in surgically treated patients with Cushing's syndrome by adrenal adenomas (19) . This result suggests that in some patients the inhibition of hypothalamic-pituitary-adrenal axis may last for more than one year after curable surgery for Cushing's syndrome. Glucocorticoid replacement therapy is thus maintained for several months to a year and sometimes even longer after resection of the responsible tumors for Cushing's syndrome including ectopic ACTH syndrome (8, 20) .
Avgerinos et al. showed that the response to CRH is suppressed at 1 to 2 weeks after the surgery in most patients with Cushing's syndrome, including 2 patients with ectopic ACTH syndrome (6) . However, they also found a normal response to CRH in 3 cured patients with Cushing's disease (6) . Similarly, Cunha et al. reported that baseline and CRH-stimulated ACTH levels recovered at 48 hours after discontinuation of dexamethasone therapy for 28 days in children with acute lymphoid leukemia (21) . While the subjects in these two studies are quite different, it is still possible (at least in some patients) that the hypothalamicpituitary-adrenal axis recovers soon after the release of glucocorticoid excess.
Theoretically, the early increase of ACTH after surgery in patients with ectopic ACTH syndrome suggests the residual tumoral tissue secreting ACTH. This was a serious concern in our patient. Therefore, we carefully analyzed the source of ACTH in this patient. Before the operation, there was no diurnal variation of ACTH, and ACTH did not respond to CRH or dexamethasone suppression tests. In contrast, all of these abnormalities disappeared after the surgery. In addition, ITT and IPSS indicated that ACTH was secreted from his pituitary. Furthermore, there was no evidence of recurrence of the tumor or the relapse of Cushing's syndrome at 6 months after the surgery. Because Cushing's syndrome in this patient relapsed 9 years after the initial surgery, longer observation is clearly necessary. However, all of these results indicated that the hypothalamic-pituitary axis of this patient recovered within a couple of weeks after the second surgery. The hypothalamic-pituitary axis of this patient also recovered within 2 months after the first surgery which had been performed 9 year previously. The similar clinical courses in the two postoperative periods indicate that the suppression of hypothalamic-pituitary function by glucocorticoids is not severe in this patient. The mechanisms that determine the degree and duration of the suppression of the hypothalamic-pituitary-adrenal axis after the curative surgery for Cushing's syndrome are currently unknown. Therefore, in order to prevent unnecessary and excess glucocorticoid replacement it may be prudent to carefully monitor the hypothalamic-pituitary-adrenal function in surgically treated patients with ectopic ACTH syndrome.
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